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(57) Abstract 

A process for making oxidized olefins is disclosed. Specifically, the process comprises providing an olefin and oxygen in combination 
in a reaction medium comprising carbon dioxide, and then oxidizing the olefin in the reaction medium to make the oxidized olefin. Preferably, 
a perfluoropolyethcr is produced by the process. 
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METHOD FOR OLEFIN OXIDATION 

Field of the Invention 
The present invention relates to a process 
for producing oxidized olefins. More particularly, the 
invention relates to a process for producing oxidized 
5 olefins using a reaction medium containing carbon 
dioxide . 

Background of the Invention 
Oxidized olefins such as polyethers, and in 
particular f luoropolyethers , are employed in numerous 

10 applications. In particular, these compounds possess a 
number of physical properties such as low volatility, 
high thermal and chemical stability, and low electrical 
conductivity which makes them suitable for a wide range 
of end uses. For example, perf luropolyethers may be 

15 utilized in Ixibricating valves and bearings associated 
with reactive gas handling; as emulsions in cosmetics; 
and as def earners. In addition, the compounds are also 
desirable for use as treatment agents in protecting the 
surfaces of buildings and other structures from 

20 environmental contaminants, 

Fluoropolyethers are manufactured primarily 
by two techniques one which involves the ring opening 
polymerization of cyclic ethers such as 
hexaf luropropylene oxide and 1,1' - tetraf lurooxetane , 

25 and the second which involves the photooxidative 

polymerization of fluorinated olefins. In general, the 

use of photooxidative polymerization is preferred 
because of the wider range of products that can be 
prepared from a limited number of polyolefins. 
30 Photooxidative polymerization reactions are 

often carried out in a liquid solution which contains 
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an organic solvent. The range of solvents which may be 
employed has been known to be limited due to the fact 
that the f luoroolef ins are essentially insoluble in 
most organics, with the exception of perfluoro and 
5 chloro fluorocarbon solvents. The formation of 
polyethers in these solvents is described in U.S. 
Patent Nos. 3,442,942; 3,720,646; and 4,451,646 to 
Sianesi et al ; and 5,143,589 and 5,237,108 to 
Marraccini et al . The utilization of these solvents, 

10 however, has been found to become increasingly 
undesirable due to the expense and heightened 
environmental risks associated with such. Moreover, 
when low molecular weight, low boiling polyether 
compounds are prepared in these solvents, separation of 

15 the compounds from the solvents can be difficult, 
especially when the compounds and solvents display 
similar properties. 

In view of the foregoing, it is an object of 
the present invention to provide a process for 

2 0 producing oxidized olefins which employs a more cost- 

effective and environmentally-acceptable reaction 
medium. Such oxidized olefins may include, for 
example, fluorinated polyethers and low molecular 
weight f luorocarbons made from f luoroolef ins . 
25 It is another object of the present invention 

to provide a process for making oxidized olefins which 
allows for easier separation of the oxidized olefins 
from the reaction medium. 

It is a yet a further object of the present 

3 0 invention to provide mixtures of components which may 

be utilized in the above process. 

Summary of the Invention 
These and other objects are satisfied by the 
present invention which includes as a first aspect a 
35 process for producing an oxidized olefin. The process 
comprises providing an olefin and oxygen in combination 
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in a reaction medium which comprises carbon dioxide, 
and oxidizing the olefin in the reaction medium to make 
the oxidized olefin. Preferably, the oxidizing step is 
carried out in the presence of ultraviolet light. 
5 The reaction medium used in the process may 

comprise supercritical, liquid, or gaseous carbon 
dioxide. The olefin which is oxidized is preferably a 
fluoroolefin selected from the group consisting of 
vinyl fluoride, trif luoroethylene , 
10 chlorotrif luoroethylene , bromotrif luoroethylene , 1,2- 
dif luoroethylene, CF2=CFOCF2CF (CF3) OCF2CF2SO2F; 
CF2 = CFOCF2CF (CF3) OCF2CF2CO2CH3, 

CF2=CFOCF2CF (CF3) OCF2CF2CH2OH, tetraf luoroethylene , 
hexaf luoropropylene , octaf luoroisobutylene, 

15 perf luorobutene , perf luoropentene , perf luoro (methyl 
vinyl ether) , perf luoro (propyl vinyl ether) , 
perf luoro (2 , 2 -dimethyl- 1 ,3-dioxole), and 
perf luorocyclobutene . 

The process also provides a step for 

20 separating the oxidized olefin from the reaction medium 
subsequent to its formation. In addition, in the 
embodiment where the oxidized olefin has peroxide 
linkages, the invention provides a step for decomposing 
the peroxide linkages from the oxidized olefin to form 

25 oxidized olefin radicals. 

The present invention includes as a second 
aspect a mixture of components useful for carrying out 
the oxidation of an olefin. The mixture comprises an 
olefin, oxygen, and a reaction medium which comprises 

30 carbon dioxide. The olefin and oxygen are present in 
combination in the carbon dioxide. 

Detailed Description of the Preferred Embodiments 
The present invention is primarily directed 
to a process for producing oxidized olefins. 
35 Specifically, the process comprises providing an olefin 
and oxygen in combination in a reaction medium which 
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comprises carbon dioxide. Subsequently, the olefin 
becomes oxidized in the reaction medium to form an 
oxidized olefin. As explained herein, the oxidized 
olefin may be in form of many end products, including, 
5 for example, a fluorinated polyether or a small 
molecule which results from the oxidation of a 
f luoroolef in. The process may further comprise the 
step of separating the oxidized olefin from the 
reaction medium. The invention also provides a process 

10 for producing an oxidized olefin in which an oxidized 
olefin, a component and a reaction medium is provided 
and then the component and oxidized olefin react to 
form an oxidized olefin f unctionalized with the 
component. The oxidized olefin of the invention may 

15 comprise peroxide linkages. Accordingly, the invention 
includes a step which decomposes the peroxide linkages 
from the oxidized olefin. 

For the purposes of the invention, carbon 
dioxide is employed in the reaction medium in a liquid, 

20 gaseous, or supercritical phase. If liquid CO,, is used, 
the temperature employed during the process is 
preferably below 31°C. More specifically, liquid CO2 
may be obtained at temperatures from about -55^C to 
about 31°C and pressures from about 70 psi to 1100 psi. 

25 If gaseous CO2 is used, it is preferred that the phase 
be employed at high pressure. As used herein, the term 
"high pressure" generally refers to COj having a 
pressure from about 2 0 to about 73 bar. Preferably, 
the CO2 is utilized in a "supercritical" phase. As used 

3 0 herein, "supercritical" means that a fluid is at a 

temperature that is sufficiently high that it cannot be 
liquified by pressure. The thermodynamic properties of 
CO2 are reported in Hyatt, J. Org. Chew. 49: 5097-5101 
(1984) ; therein, it is stated that the critical 

3 5 temperature of CO2 is about 31 °C and the critical 

pressure is about 1070 psi; thus the method of the 
present invention should be carried out at a 
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temperature above 31° and a pressure above 1070 psi. 
The reaction medium preferably comprises from about 5 
to 99 percent by weight of CO. based on the weight of 
the reaction medium, and more preferably from about 50 
5 to 80 percent by weight COj. 

The reaction medium may also comprise one or 
more cosolvents along with the CO^. Illustrative 
cosolvents include, but are not limited to, 
perf luorocarbons , hydrof luorocarbons , and ' . 

10 perf luoropolyethers . The cosolvent may be added in 
order to depress the freezing point of the CO2 which 
allows the reaction to be carried out at lower 
temperatures. It is preferred that the cosolvent be 
substantially inert to reaction with oxygen under the 

15 conditions employed in the process of the invention. 

Numerous olefins may be employed in the 
process of the invention and those which are preferred 
include f luoroolef ins , Any suitable f luoroolef ins may 
be employed including those containing functional 

20 groups. Suitable functional groups include, for 

example, esters, sulfonyl fluoride, hydroxy 1 , or vinyl. 

Particularly suitable f luoroolef ins may be those with 
at least one fluorine atom attached to the vinyl moiety 
and include, but are not limited to vinyl fluoride; 

25 trif luoroethylene ; chlorotrif luoroethylene ; 

bromotrif luoroethylene; 1, 2 -dif luoroethylene . 
CF2=CFOCF2CF CCF3) OCF2CF2SO2F ; 
CFs^CFOCFjCF (CF3) OCF2CF2CO2CH3 ; 
CF2=CFOCF2CF (CF3) OCF2CF2CH2OH; 

3 0 CF2=CFOCF2CF2S02FSF(CF2)nCH2) CF=CF2 where n=l,2,3,4, or 5; 
RCH20CF=CF2 where R is hydrogen or FiCF^)^ where m=l, 2, 
or 

3; and ROCF^CHj where R is F(CF2)„, where m is 1,2,3 or 
4 . 

35 Linear or branched fluorinated olefins having the 

formula CnFan where n=2-20 are also suitable and include 
compounds such as tetraf luoroethylene ; 
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hexaf luoropropylene ; octaf luoroisobutylene ; 
perf luorobutene ; perf luoropentene ; perf luoro (methyl 
vinyl ether); perf luoro (ethyl vinyl ether) 
perf luoro (propyl vinyl ether); perf luoro (2 , 2 -dimethyl - 
5 1 , 3 -dioxole) ; and perf luorocyclobutene , Preferred 
fluorinated olefins are tetraf luoroethylene , 
chlorotrif luoroethylene , 2 , 2 -dimethyl - 1 , 3 -dioxole , 
hexaf luoropropylene , perf luoro (methyl vinyl ether) , and 
perf luoro (propyl vinyl ether). Combinations of 
10 fluorinated olefins may be employed when it is desired 
to produce polyethers in the form of copolymers . 
Suitable combinations include 

hexafluoropropylene/tetraf luoroethylene , as well as 
those utilizing perf luoro (propyl vinyl ether), 

15 CF2-CFOCF2CF (CF3) OCF2CF2SO2F, CF2=C 

FOCF2CF (CF3) OCF2CF2CO2CH3 , tetraf luoroethylene , and 
hexaf luoropropylene . The olefins are preferably 
employed in an amount ranging from about 1 to 95 
percent based on the weight of the reaction medium and 

20 more preferably, from about 5 to 50 percent by weight. 

A wide number of known and suitable oxidized 
olefins may be made by the present invention. In one 
embodiment, polyethers can be produced, more preferably 
f luoropolyethers, and most preferably 

25 perf luoropolyethers . In another embodiment, low 

molecular weight molecules may be produced from the 
oxidation process, which preferably includes those 
which comprise fluorine, oxygen, and carbon. In 
general, the preferred structure of the 

3 0 perf luoropolyethers will have a backbone comprised 
mainly of the units: 
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wherein X is fluorine, trif luoromethyl , or suitable 
other fluoroalkyl or fluoroether groups. As is knovm 
by those skilled in the art, the exact distribution of 
these structures obtained in the fluorinated polyether 
5 will be a function of reaction conditions including the 
viscosity of the reaction medium. The viscosity of the 
solvent will influence effects which play an important 
role in radical recombination reactions. End groups 
which may be present on the perf luoropolyether include 

10 acid fluoride, formyl fluoride, or other fluoroalkyl 
species. The perf luoropolyethers may also contain a 
group which imparts functionality to the polymer. In 
particular, such a group may be located at the end of 
the polymer chain, or on random sites along the chain. 

15 Liow molecular weight compounds may include, for 

example, the oxidation products of hexaf luoropropylene 
such as trif luoroacetyl fluoride, carbonyl fluoride, 
hexaf luoropropylene oxide, and the like. Low molecular 
weight compounds derived from other components such as 

2 0 tetraf luoroethylene may also be produced. 

For the purposes of the invention, 
functionality may be imparted to the oxidized- olefin by 
oxidizing an olefin which contains functionality, or by 
reacting the oxidized olefin with a suitable component 

25 to form an oxidized olefin f unct ionalized with the 

component. Suitable components include monomers and 



wo 97/28205 



PCT/US97/01518 



-8- 

chain transfer agents. Functionality may also be 
imparted to the oxidized olefin by removing peroxide 
linkages from the oxidized olefin by reacting the 
oxidized olefin with a suitable reagent, described in 
5 greater detail herein. Exemplary monomers which may be 
utilized include, but are not limited to, 
CF2-CFOCF2CF (CF3) OCF2CF2SO2F, 
CF^^CFOCFjCF (CF3) OCF2CF2CO2CH3, 

CF2=CF0C F2CF(CF3) OCF2CF2CH2OH, and CF2=CF (CF, ) CI . Other 
10 monomers which may be used contain functional groups 
such as, for example, acid fluoride, epoxy, amide, 
cyano, alcohol, and amine. As a specific example, 
perf luorobutadiene may be used in which one double bond 
undergoes photooxidative polymerization and the other 
15 bond is oxidized to a functional group, such as an 
epoxide, in the oxidized olefin. Suitable chain 
transfer agents include compounds, for example, which 
contain a halogen group such as chlorine, bromine, or 
iodine , 

20 The process of the present invention is 

preferably carried out in the presence of light, 
preferably ultraviolet light. As known, the actual 
wavelength and distribution of wavelengths employed as 
well as the intensity of the light can effect oxidized 

25 olefin yield, as well as its molecular weight and 
chemical composition such as peroxide content and 
carbon- to -oxygen ratio. Accordingly, those skilled in 
the art will appreciate that manipulation of the light 
source can be used to optimize yields under various 

3 0 conditions to favor formation of one type of oxidized 
olefin over another. Ultraviolet light is preferably ■ 
employed having a wavelength from 18 0 nm to 5 00 nm. 

The process of forming an oxidized olefin can 
be carried out using apparatus and conditions known to 

35 those skilled in the art. As an example, the process 
may be carried out in batch, semi-batch or continuous 
modes in an appropriate reaction vessel, preferably one 
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that may withstand high pressures. A suitable high 
pressure reaction vessel may employ various means and 
features to facilitate the formation of the oxidized 
olefins. For example, the vessel may use heating means 
5 such as an electric furnace to bring the reaction to 

the desired temperature . Mixing means can also be used 
in the reaction vessel and include stirrers such as 
paddle stirrers, impeller stirrers, blades, and the 
like. 

10 In particular, the process of forming an 

oxidized olefin usually begins by feeding a mixture of 
olefin and carbon dioxide into the reaction vessel. In 
a usual instance, the carbon dioxide constitutes the 
reaction medium in which the process is carried out 

15 although other components may be present- The vessel 
is then closed and is brought to the desired 
temperature and pressure. The reaction is preferably 
carried out at a temperature from about -80°C to about 
2 00 «*C, and more preferably, from about -SO^C to about 

2 0 8 0*=»C. The pressure employed during the reaction 

preferably ranges from about 15 psi to about 20,000 
psi, and more preferably from about 50 psi to about 
5,000 psi- Oxygen is then supplied to the reaction 
mixture. In general, the oxygen may be added to the 
25 reaction vessel all at once or may be added 

continuously by bubbling it through the olefin and 
carbon dioxide in the event that liquid carbon dioxide 
is employed. A positive pressure of oxygen may be 
maintained in the vessel if desired, so as to replenish 

3 0 the oxygen which is consumed in the reaction. For the 

purposes of the invention, the oxygen may be added in 
its pure molecular form or may be diluted with an inert 
diluent such as nitrogen to reduce the potential for an 
explosion. During addition of the oxygen, the mixture 
3 5 is preferably irradiated with light to promote the 

carrying out of the reaction. The reaction proceeds 
until the desired yield of oxidized olefin is obtained. 
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In an alterative embodiment, the oxygen and 
olefin may be added simultaneously to the reactor. As 
an example, the two components may be added 
continuously in the event that a continuous or a semi- 
5 batch reaction mode is utilized. 

As is known, oxidized olefin compounds, and 
in particular perf luoropolyethers , often comprise 
excess peroxide linkages. It is often desirable to 
remove the excess peroxide linkages in order to add 
10 stability to the compound. The present invention 

provides a process step in which the peroxide linkages 
are decomposed from these compounds which may be 
carried out, for example, by chemical, photochemical, 
or thermal means. The method of peroxide removal must 
15 be compatible in carbon dioxide, with the peroxide 
removal being accomplished directly in the carbon 
dioxide, either in-situ or as a separate step 
subsequent to the formation of the oxidized olefin. 
Chemically, the peroxide linkages may be removed by 
20 reacting the pxidized olefins with reagents including 
appropriate bases such as amines, hydroxide, fluorine, 
and bromine. Photochemically , the linkages may be 
removed by employing a suitable compound such as a 
guinone in conjunction with ultraviolet light, 
25 preferably of a wavelength between 24 0 nm and 4 00 nm . 

In removing the peroxide linkages from the 
oxidized olefins, oxidized olefin free radicals are 
formed which are capable of reacting with numerous 
types of compounds so as to form a variety of products. 
30 For example, as is known, reacting the oxidized olefins 
with a reagent such as a suitable base or fluoride at 
elevated temperatures, or bromine, yields an oxidized 
olefin (e.g., a perf luoropolyether ) which is 
functionalized at the end of the polymer chain. For 
3 5 example, a perf luoropolyether having bromine -containing 
end groups may be formed. Additionally, removal of 
oxidized olefin (e.g., perf luoropolyether ) peroxide 



wo 97A28205 



PCTAJS97/01518 



-11- 

linkages using either a thermal method or ultraviolet 
light in combination with a quinone compound results in 
the formation of an oxidized olefin bridged by the 
quinone. As is known, the resulting oxidized olefin is 
5 capable of undergoing subsequent free radical 

polymerization with a suitable monomer such as a vinyl 
monomer, which is capable of leading to the formation 
of functional copolymers such as block or blocky 
copolymers. In addition, a suitable polymer may be 

10 provided and the oxidized olefin radicals may be 
grafted onto the polymer. 

An advantage afforded by a reaction medium 
which comprises carbon dioxide is the high solubility 
of hydrocarbon-based monomers relative to many 

15 fluorinated solvents, including fluorinated polyether- 
based solvents, which will allow for the synthesis of 
new materials not possible in fluorinated solvents. 

Subsequent to the formation of any of the 

20 oxidized olefin compounds referred to herein, the 
present invention further provides a step for 
separating the oxidized olefin from the reaction 
medium. Any of the known and suitable techniques may 
be employed to carry out this process step. For 

2 5 example, the oxidized olefin may be separated from the 
reaction medium by venting the reaction medium to the 
atmosphere or to a recycle stream. Additionally, the 
oxidized olefin may be extracted and transferred with 
the carbon dioxide to another vessel. Subsequently, 

30 the carbon dioxide is expanded to lower pressure and is 
allowed to escape, which causes the oxidized olefin to 
separate from the carbon dioxide . 

In the event that multiple compounds are 
formed in the oxidation reaction, any of the suitable 

35 techniques may be employed to separate the compounds. 
For example, pressure and temperature profiling 
techniques may be used in all reaction modes. 
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Specif ically , the profiling may be done continuously 
or, in the case of a batch mode, may be accomplished by 
extracting the compounds by employing different 
pressures and temperatures throughout the reaction. 
5 The oxidized olefins produced in accordance 

with the invention may be employed in a wide variety of 
end uses. Perf loropolyethers , for example, can be used 
as lubricants which possess adequate physical 
properties to enable them to withstand extreme pressure 

10 and temperature conditions; thermal shock fluids; and 
as heat transfer/cooling media. Functional polyethers, 
and more specifically functional perf luoropolyethers , 
may be used as cosmetics, in emulsion applications, and 
as coatings such as those used in protecting exposed 

15 surfaces such as stone. Low molecular weight 

compounds are useful when employed in a number of 
chemical syntheses. For example, hexaf luoropropylene 
oxide is useful in the preparation of fluoroalkyl vinyl 
ester monomers such as perfluoro (propyl vinyl ether) , 

20 perfluoro (methyl vinyl ether) . Additionally, carbonyl 
fluoride is useful in the preparation of perfluoro 
(methyl vinyl ether) . 

The present invention is explained in greater 
detail herein in the following examples, which are 

25 illustrative and are not to be construed as limiting of 
the invention. In the following examples, "psi" means 
pounds per square inch, and ^^F NMR means fluorine 
nuclear magnetic resonance spectroscopy. 

Example 1 

3 0 Photooxidation of Hexaf luoropropylene 

A 25 -mil high pressure reactor, with a 
sapphire window to allow the introduction of light, is 
maintained at a temperature of approximately -10**C. 10 
grams hexaf luoropropylene is condensed into the reactor 
35 at high pressure, 11 grams liquid carbon dioxide is 

added, and the cell is charged with molecular oxygen to 
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approximately 2000 psi. The cell is then subjected to 
irradiation through the sapphire window using a 14 0 
watt mercury arc lamp (Hanovia model 6 16 A- 13) for 24 
hours. The reactor is then pressurized to 2500 psi with 
5 carbon dioxide and extracted with three reactor volumes 
into a cold trap maintained at -78^C, thus allowing the 
carbon dioxide to escape into the atmosphere. 0.5 
grams of clear, viscous, fluid is then collected in the 
cold trap, corresponding to a 5% yield of 
10 perf luoropolyether (based on hexaf luoropropylene) . 

Analysis using ^^F NMR spectroscopy is consistent with a 
perf luoropolyether structure . 

Example 2 

Photooxidation of Hexaf luoropropylene 

15 The reactor described in Example 1 is 

employed under the conditions described except that 9.9 
grams hexaf luoropropylene and 12 grams liquid carbon 
dioxide is used. Additionally, the reactor is 
maintained at a temperature of 0**C. 0-5 grams of 

20 clear, viscous, fluid is collected in the cold trap. 

Analysis using ^^F NMR spectroscopy is consistent with a 
perf luoropolyether structure . 

Example 3 

Photooxidation of Hexaf luoropropylene 

25 The procedure described in Example 1 is 

employed in which 9 . 8 grams of hexaf luoropropylene is 
condensed and 12 grams of carbon dioxide is used. The 
temperature of the reactor is maintained at 20 °C and 
0.4 grams of clear, viscous fluid is collected in the 

30 cold trap corresponding to a 4% yield. Analysis using 
^^F NMR spectroscopy is consistent with a 
perf luoropolyether structure . 
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Example 4 

Photooxidation of Hexaf luoropropylene 

The procedure described in Example 1 is 
employed in which 10,1 grams hexaf luoropropylene is 
5 condensed, 12 grams liquid carbon dioxide is added, and 
the cell is charged with 600 psi molecular oxygen. The 
cell is then subjected to irradiation for 6 hours. 2.2 
grams of clear, viscous, fluid is collected in the cold 
trap corresponding to a 22% yield of perf luoropolyether 
10 (based on hexaf luoropropylene ) . Analysis using ^^F NMR 
spectroscopy is consistent with a perf luoropolyether 
structure . 

Example 5 

Photooxidation of Hexaf luoropropylene 

15 The procedure described in Example 4 is 

employed in which 7.9 grams of hexaf luoropropylene is 
condensed and 12.1 grams liquid carbon dioxide is added 
to the reactor. 1.9 grams of a clear, viscous, fluid 
is collected in the cold trap corresponding to a 24% 

20 yield of perf luoropolyether (based on 

hexaf luoropropylene) . Analysis using ^^F NMR 
spectroscopy is consistent with a perf luoropolyether 
structure . 

Example 6 

2 5 Photooxidation of Perf luoro (propyl vinyl ether) 

The procedure described in Example 4 is 
employed in which 10,7 grams of perf luoro (propyl vinyl 
ether) is condensed, 12 grams liquid carbon dioxide is 
added, and the cell is subjected to irradiation for 24 

3 0 hours. 2.1 grams of a clear, viscous, fluid is 

collected in the cold trap corresponding to a 19% yield 
of perf luoropolyether [based on perfluoro (propyl vinyl 
ether) 1 . Analysis using ^^F NMR spectroscopy is 
consistent with a perf luoropolyether structure. 
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Example 7 

Photooxidation of EVE (CFjrrCFOCFaCF (CF3) OCF^CF^COaCHj) 

The procedure described in Example 6 is 
employed in which 12 grams ester vinyl ether 
5 (CFs^CFOCF^CF (CF3) OCF2CF2CO2CH3) is added to the reactor 
via syringe and 12 grams liquid carbon dioxide is also 
added. 11.2 grams of a clear fluid is collected in the 
cold trap corresponding to a 95% yield of 
perf luoropolyether (based on hexaf luoropropylene) . 
10 Analysis using ^^F NMR spectroscopy is consistent with a 
perf luoropolyether structure . 

Example 8 

Photooxidation of Hexaf luoropropylene 

The procedure described in Example 1 is 
employed with the reactor being maintained at a 
temperature of approximately -5 ^C. 11.2 grams 
hexaf luoropropylene is condensed in at high pressure, 
11.5 grams liquid carbon dioxide is added, and the cell 
is subject to irradiation using a 450 watt mercury arc 
lamp (Hanovia Model 679A36) . 5.5 grams of a clear, 
fluid is collected in the cold trap corresponding to a 
49% yield of perf luoropolyether (based on 
hexaf luoropropylene) . Analysis using ^^F NMR 
spectroscopy is consistent with a perf luoropolyether 
structure . 

Example 9 

Photooxidation of Hexaf luoropropylene 

The procedure described in Example 8 is 
employed in which 10,6 grams of hexaf luoropropylene is 
3 0 condensed in at high pressure, and 13 grams liquid 

carbon dioxide is added. The temperature is raised to 
2 0°C prior to the cell being charged with oxygen. 7.1 
grams of a clear, fluid is collected in the cold trap 
corresponding to a 70% yield of perf luoropolyether 
35 (based on hexaf luoropropylene) . Analysis using ^*F NMR 
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spectroscopy is consistent with a perf luoropolyether 
structure . 

Example 10 
Pliotooxidation of Hexafluoropiropylene 

5 The procedure described in Example 9' is 

employed in which 10.2 grams hexaf luoropropylene is 
condensed in at high pressure and 12 grams liquid 
carbon dioxide is added. The temperature is raised to 
eo^^C, and the cell is charged with molecular oxygen to 

10 approximately 2,500 psi. Oxygen is supplied 

continuously to the reactor. 0.5 grams of a clear 
fluid is collected in the cold trap corresponding to a 
5 % yield of perf luoropolyether (based on 
hexaf luoropropylene) . Analysis using ^^F NMR 

15 spectroscopy is consistent with a perf luoropolyether 

structure. Analysis of portions of the gaseous products 
shows evidence of carbonyl fluoride and trif luoroacetyl 
fluoride in addition to other low molar mass fluorooxy 
compounds . 

20 Example 11 

Co-photooxidation of Tetraf luoroethylene 
and Hexaf luoropropylene 

The procedure described in Example 10 is 
employed with the temperature being maintained at 

25 approximately -10 *=*C, 6.0 grams hexaf luoropropylene is 
condensed in at high pressure, followed by the addition 
of 10 grams of a 50/50 wt/wt mixture of 
tetraf luoroethylene (5 g) and carbon dioxide (5g) . 6 
grams of additional liquid carbon dioxide is added to 

3 0 the reactor, and the cell is charged with molecular 
oxygen to approximately 1,500 psi. 5.0 grams of a 
clear, fluid is collected in the cold trap 
corresponding to a 45 % yield of perf luoropolyether 
(based on hexaf luoropropylene) . Analysis using ^^F NMR 



wo 97/28205 



PCT/US97/01518 



-17- 

spectroscopy is consistent with a perf luoropolyether 
structure. 

Example 12 

Thermal Oxidation of Hexaf luoropropylene 

5 The reactor described in Example 1 is 

employed with 10 grams of hexaf luoropropylene and 10 
grams of COj, except that the temperature employed in 
lOO^C and the oxidation is carried out in thfe absence 
of UV light. 

10 Example 13 

Thermal Oxidation of Tetraf luoroethylene 

The reactor described in Example 1 is 
employed with 10 grams of tetraf luoroethylene and 10 
grams of CO2, except that the temperature employed is 
15 100® C and the oxidation is carried out in the absence 
of UV light. 

Example 14 

Photochemical removal of peroxide linkages 

A perf luoropolyether is prepared according to 
2 0 any of the above examples which has peroxide linkages. 
The perf luoropolyether is subjected to further 
irradiation in a reaction medium comprising carbon 
dioxide to remove the peroxide linkages. 

Example 15 

2 5 Thermal removal of peroxide linkages 

A perf luoropolyether is prepared according to 
any of the above examples which has peroxide linkages. 
The perf luoropolyether is subjected to heating in a 
reaction medium comprising carbon dioxide to remove the 
30 peroxide linkages. 
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Example 16 

Removal of peroxide linkages using bromine 

A perf luoropolyether is prepared according to 
any of the above examples which has peroxide linkages. 
5 The perf luoropolyether is subjected to reaction with 
bromine in a reaction medium comprising carbon dioxide 
to remove the peroxide linkages, and impart bromine- 
containing end groups to the compound. 

Example 17 

Decomposition of Perf luoropolyether Peroxide 
in the Presence of a Fxinctionalization Reagent 

A perf luoropolyether is prepared according to 
any of the above examples which has peroxide linkages. 
The linkages are decomposed in the presence of a 
reagent capable of reacting with the fluoroalkyl alkoxy 
radicals to yield end functional perf luoropolyethers . 

Example 18 

Decomposition of Perf luoropolyether Peroxide 
in the Presence of a Vinyl Monomer 

2 0 A perf luoropolyether is prepared according to 

any of the above examples which has peroxide linkages. 
The linkages are decomposed in the presence of a vinyl 
monomer capable of reacting with the fluoroalkyl alkoxy 
radicals to yield a copolymer , 



10 



15 



2 5 Example 19 

Grafting of Perf luoropolyethers 

A perf luoropolyether is prepared according to 
any of the above examples which has peroxide linkages. 
The linkages are decomposed in the presence of a 
30 polymer capable of undergoing grafting reactions with 
the fluoroalkyl alkoxy radicals to yield a copolymer. 
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The foregoing examples are illustrative of 
the present invention, and are not to be construed as 
limiting thereof. The invention is defined by the 
following claims, with equivalents of the claims to be 
5 included therein. 
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THAT WHICH IS CLAIMED: 

1. A process for preparing an oxidized 
olefin comprising: 

providing an olefin and oxygen in combination 
5 in a reaction medium which comprises carbon dioxide; 
and 

oxidizing the olefin in the reaction medium 
to make the oxidized olefin. 

2 . The process according to Claim 1 wherein 
10 said oxidizing step is carried out in the presence of 

ultraviolet light . 

3 . The process according to Claim 1 wherein 
the reaction medium comprises supercritical carbon 
dioxide . 

15 4. The process according to Claim 1 wherein 

the reaction medium comprises liquid carbon dioxide. 

5. The process according to Claim 1 wherein 
the reaction medium comprises gaseous carbon dioxide. 

6. The process according to Claim 1 wherein 
20 the olefin is a f luoroolef in . 

7. The process according to Claim 6 wherein 
the fluoroolefin is selected from the group consisting 
of vinyl fluoride, trif luoroethylene, 

chlorotrif luoroethylene , bromotrif luoroethylene , 1,2- 

2 5 dif luoroethylene, CF2=CF0CFpCF (CF3) OCFjCF^SOsF; 

CF2 = CFOCF2CF ( CF3 ) OCF2CF2CO2CH3 , 

CF2=CFOCF2CF (CF3) OCF2CF2CH2OH, tetraf luoroethylene, 

hexaf luoropropylene , octaf luoroisobutylene , 

perf luorobutene , perf luoropentene , perf luoro (methyl 

3 0 vinyl ether), perf luoro (propyl vinyl ether). 
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perfluoro (ethyl vinyl ether), perfluoro { 2 , 2 -dimethyl - l 
,3-dioxole), and perf luorocyclobutene . 

8. The process according to Claim 1 wherein 
the oxidized olefin is selected from the group 

5 consisting of carbonyl fluoride, trif luoroacetyl 
fluoride, tetraf luoroethylene oxide, and 
hexaf luoropropylene oxide. 

9 . The process according to Claim 1 wherein 
the oxidized olefin is a polyether. 

10 10 . The process according to Claim 1 wherein 

the oxidized olefin has peroxide linkages. 

11. An oxidized olefin prepared according to 
the process of Claim 1, wherein said oxidized olefin is 
a polyether. 

15 12 . A process for preparing an oxidized 

olefin comprising: 

providing an olefin and oxygen in 
combination in a reaction medium comprising carbon 
dioxide ; 

20 oxidizing the olefin in the reaction 

medium to make the. oxidized olefin; and 

separating the oxidized olefin from the 
reaction medium. 

13 . The process according to Claim 12 
2 5 wherein said oxidizing step is carried out in the 
presence of ultraviolet light. 

14 . The process according to Claim 12 
wherein the reaction medium comprises supercritical 
carbon dioxide. 
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15. The process according to Claini 12 
wherein the reaction medium comprises liquid carbon 
dioxide . 

16. The process according to Claim 12 

5 wherein the reaction medium comprises gaseous carbon 
dioxide . 



17. The process according to Claim 12 
wherein the olefin is a f luoroolef in , 

18. The process according to Claim 17 

10 wherein the fluoroolefin is selected from the group 
consisting of vinyl fluoride, trif luoroethylene , 
chlorotrif luoroethylene, bromotrif luoroethylene , 1,2- 
dif luoroethylene, CF2=CFOCF2CF (CF3) OCF^CF^SO^F; 
CF2=CFOCF2CF (CF3) OCF2CF2CO2CH3, 

15 CF2=CFOCF2CF (CF3) OCF2CF2CH2OH, tetraf luoroethylene , 
hexaf luoropropylene , octaf luoroisobutylene , 
perf luorobutene, perf luoropentene , perf luoro (methyl 
vinyl ether), perf luoro (ethyl vinyl ether), 
perf luoro (propyl vinyl ether), perf luoro ( 2 , 2 -dimethyl - 

20 1 ,3-dioxole), and perf luorocyclobutene . 

19. The process according to Claim 12 
wherein the oxidized olefin is selected from the group 
consisting of carbonyl fluoride, trif luoroacetyl 
fluoride, tetraf luoroethylene oxide, and 

25 hexaf luoropropylene oxide. 

20. The process according to Claim 12 
wherein the oxidized olefin is a polyether. 

21- The process according to Claim 12 
wherein the polyether has peroxide linkages. 
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22. An oxidized olefin prepared according to 
the process of Claim 12, wherein said oxidized olefin 
is a polyether. 

23 . A process for preparing an oxidized 
5 olefin comprising: 

providing an oxidized olefin and a 
component in combination in a reaction medium 
comprising carbon dioxide; and 

reacting the component with the oxidized 
10 olefin to make an oxidized olefin functionalized with 
the component . 

24. The process according to Claim 23 
wherein the reaction medium comprises supercritical 
carbon dioxide . 



15 25. The process according to Claim 23 

wherein the reaction medium comprises liquid carbon 
dioxide . 

26. The process according to Claim 23 
wherein the reaction medium comprises gaseous carbon 

20 dioxide. 

27 . The process according to Claim 23 
wherein the oxidized olefin is selected from the group 
consisting of carbonyl fluoride, trif luoroacetyl 
fluoride, tetraf luoroethylene oxide, and 

25 hexafluor ©propylene oxide. 

28. The process according to Claim 23 
wherein the oxidized olefin is a polyether. 



I 
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29. The process according to Claim 23 
wherein the component is selected from the group 
consisting of monomers, chain transfer agents, and 
reagents. 

5 30. An oxidized olefin prepared by the 

process of Claim 23, wherein said oxidized olefin is a 
polyether . 

31. A process for removing peroxide linkages 
from an oxidized olefin comprising: 
10 providing the oxidized olefin having 

peroxide linkages in a reaction medium which comprises 
carbon dioxide; and 

decomposing the peroxide linkages from 
the oxidized olefin to form an oxidized olefin radical. 

15 32. The process according to Claim 31 

wherein the oxidized olefin is a perf luoropolyether . 

33- The process according to Claim 31 
wherein said decomposing step is performed thermally. 

34 . The process according to Claim 31 
20 wherein said decomposing step is performed 

photochemically . 

35. The process according to Claim 31 
wherein said decomposing step is performed chemically. 

36. The process according to Claim 31 

25 wherein the reaction medium further comprises a reagent 
capable of reacting with the oxidized olefin radical. 
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37. The process according to Claim 31 
wherein the reaction medium further comprises a vinyl 
monomer/ and wherein the oxidized olefin radical reacts 
with the vinyl monomer during said decomposing step to 

5 form a copolymer. 

38. The process according to Claim 31 
wherein the reaction medium further comprises a 
polymer, and wherein the oxidized olefin radical is 
grafted onto the polymer during said decomposing step. 



10 3 9, A mixture of components suitable for 

carrying out the oxidation of an olefin, said mixture 
comprising an olefin, oxygen and a reaction medium 
which comprises carbon dioxide, said olefin and said 
oxygen being present in combination in said reaction 

15 medium. 

40. The mixture of components according to 
Claim 3 9 wherein said reaction medium comprises 
supercritical carbon dioxide. 



41. The mixture of components according to 
20 Claim 3 9 wherein said reaction medium comprises liquid 

carbon dioxide . 

42. The mixture of components according to 
Claim 3 9 wherein said reaction medium comprises gaseous 
carbon dioxide . 

2 5 43. The mixture of components according to 

Claim 3 9 wherein said olefin is a f luoroolef in . 
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44. The mixture of components according to 
Claim 43 wherein the fluoroolefin is selected from the 
group consisting of vinyl fluoride, trif luoroethylene , 
chlorotrif luoroethylene, bromotrif luoroethylene , 1,2- 
5 dif luoroethylene, CFj^CFOCFjCF (CF. ) OCF2CF2SO2F ; 
CF2=CFOCF2CF {CF3) OCF2CF2CO;>CH3, 

CF^^CFOCFsCF (CF3) OCF^CF^CH^OH, t etraf luoroethylene , 
hexaf luoropropylene , octaf luoroisobutylene , 
perf luorobutene, perf luoropentene , perf luoro (methyl 
10 vinyl ether), perf luoro (ethyl vinyl ether) 

perf luoro (propyl vinyl ether) , perf luoro (2 , 2-dimethyl- 
1 ,3-dioxole), and perf luorocyclobutene , 
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